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ABSTRACT 

Data collected i n  1980 and 1981 by the Alaska Department of Fish and Game a r e  
used to  t e s t  the power of l inear  discriminant functions to  dist inguish runs of 
sockeye salmon (Oncorhynchus nerka) i n  the Copper-Bering River f ishery.  Scales 
were taken from salmon caught i n  the  subsistence f ishery near the  mouth of the  
Chitina River ( t r ibu ta ry  of the Copper River) from spawning salmon i n  the Copper 
River Delta, and from the  adjacent Bering River drainage. Fifty-f ive a t t r i b u t e s  
in the freshwater and the  f i r s t  marine zones were measured f o r  each scale.  Dis- 
criminant functions were based on scales  from three groups of f i shery  samples 
(Copper River, Delta, and Bering River), and l a t e r  a combined Bering River and 
Delta sample was constructed and contrasted singly against  the Copper River 
stock. A jackknife procedure was used t o  determine the  power of the l i nea r  
functions to  c lass i fy  correct ly  the  or igin  of individual f i sh .  For data taken 

. in 1980, 81.6% of f i s h  aged 1.2 and 65.9% of f i s h  aged 1.3 a r e  correct ly  c l a s s i -  
f i ed  as  e i t he r  Copper River or  Delta-Bering f i s h ,  and when Bering River f i s h  
aged 1.3 a r e  separated from other Delta f i s h  aged 1.3, 53.3% a re  cor rec t ly  
c l a s s i f i ed  i n to  the three groups. For data taken i n  1981, 87.1% of f i s h  aged 
1.3 are  c l a s s i f i ed  correct ly  a s  Copper River o r  Delta-Berinq f i s h ,  and when 
Bering River f i s h  are  separated from other Delta f i s h ,  75.5% a re  correct ly  c l a s s i -  
f i ed  in to  the three  groups. For the 1976 brood year,  the s i ze  of the freshwater 
growth zone i s  considerably larger  f o r  Copper River f i s h  than f o r  f i s h  from other 
areas. For the  1975 brood year ,  the freshwater growth zones a r e  s imilar  among 
f i s h  from d i f f e r en t  areas.  For brood years when c lass i f i ca t ion  accuracy i s  good 
(1976, but not 1975), the  technique can be used f o r  in-season catch a l locat ion 
of f i s h  aged 1 . 3  based on discriminant functions b u i l t  in the preceding year 
fo r  aged 1.2, and post-season catch a l locat ions  can be made based on the  current  
year age 1.3 c lass i f i ca t ion  models. 



INTRODUCTION 

Sockeye salmon (Oncorhynchus nerka) returning to the Copper and Bering River 
fishing d i s t r i c t s  are  a mixutre of stocks from the upper Copper River drainage, 
from the Bering River, and from small watersheds in the Copper River Delta 
(Figure 1 ) .  Stocks from the upper Copper River can be divided into two runs, 
one which i s  intercepted by the subsistence fishery a t  the mouth of the Chitina 
River and one which i s  not (Roberson, personal communication). Stocks from the 
Delta a r e  grouped into many runs: Eyak Lake, McKinley Lake, 27-Mile Slough, 
Martin River Slough, Clear Creek, Ragged Point Lake, Martin Lake, L i t t l e  Martin 
Lake, and Tokun Lake. Stocks from the Bering River can be grouped into runs to 
Bering Lake, Kushtaka Lake, and Shepard Creek. Aerial surveys and sonar projects 
indicate that  escapements to  the Copper River a re  more numerous than to  the 
Delta and to  the Bering River. Based on his tor ic  commercial catch data age 
groups 1.2 and 1.3l are  predominant i n  the fishery. 

Because the commercial fishery harvests a mixture of stocks from the upper 
Copper River, Delta, and Bering River, f isheries  managers want a technique of 
estimating the numbers of each of these three runs in the catch. In-season catch 
allocation may allow selective harvestihg of these runs. Post-season catch 
apportionment coupled with escapement counts would provide estimates of total  
return by r u n  by brood year, and could also provide information on the spatial  
and temporal distribution of the runs in the fishery. 

Scale pattern analysis based on l inear  discriminant functions i s  one possible 
method fo r  making in-season and post-season allocations of salmon catches. For 
instance, scale pattern analysis i s  used to  al locate  catches in Cook In le t  
(Bethe and Krasnowski 1979; Bethe, Krasnowski, and Marshall 1980; Cross e t  a l .  
1981 ) and in Lynn Canal (Marshall , Bergander, and Sharr 1982). The purpose of 
this study was to  t e s t  the f eas ib i l i t y  of using t h i s  technique to  identify major 
runs to the Copper-Bering River commercial fishery. 

METHODS AND MATERIALS 

Scale Sampling 

Fish from the Chitina subsistence f ishery,  1 ive f i sh  captured on the spawning 
grounds, and spawned-out carcasses were sampled for  scales for  stock identifica- 
tion. One scale was collected from each f i sh  from the l e f t  side of the body two 
rows above the la teral  1 ine on the diagonal scale row running from the posterior 
base of the dorsal f in  t o  the anter ior  base of the anal f in .  Scales were mounted 
on gum cards and impressions made in cellulose acetate.  A limited number of 
o to l i ths  were removed from carcasses and stored on standard p las t ic  o to l i th  trays.  
Sex and mid-eye to  fork-of-tail length were recorded for  each f i sh .  

European Formula - Numerals preceding the decimal refer t o  the number of 
freshwater annuli, numerals following the decimal a r e  the number of marine 
annuli. Total age i s  the sum of these two numbers plus 1. 



Figure 1 .  Prince William Sound showing the Copper River and Bering River 
f i sh ing  d i s t r i c t s  and the  sampling locations of major runs of 
sockeye salmon. 



Samples taken a t  the subsistence f i s h e r y  a t  t he  mouth of the  C h i t i n a  R iver  a re  
representa t ive  o f  a l l  stocks i n  t h e  upper Copper R ive r  except f o r  s tocks from 
Long Lake i n  the  Ch i t i na  R iver  drainage. The subsistence f i she ry  on the  Copper 
R iver  downstream o f  i t s  confluence w i t h  the  Ch i t i na  R iver  i s  conducted most ly  
on the west bank; f i s h  headed f o r  Long Lake o r i e n t  t o  the east  bank (Roberson, 
personal communication). I n  1981 Long Lake f i s h  sampled on the  spawning ground; 
no sample from Long Lake i s  a v a i l a b l e  f o r  1980. 

I n  1980 one Ber ing R iver  and f o u r  De l ta  sockeye salmon runs were sampled on the  
spawning grounds; i n  1981 f i v e  Del ta and two Ber ing River  runs were sampled. 
Appendix Table 1 prov ides a sumnary o f  the  scale samples taken i n  t h e  1980 and 
1981 f i e 1  d seasons. 

Aging 

Because r e s o r p t i o n  i n  the marine growth zones o f  some scales made d i s t i n g u i s h i n g  
two-ocean and three-ocean aged f i s h  very d i f f i c u l t ,  marine ages were subsequently 
determined w i t h  the  Peterson method of l eng th  frequency ana lys i s  (Tesch 1970). 
To f u r t h e r  subs tant ia te  the  marine ages o f  i n d i v i d u a l  f i s h ,  o t o l i t h  samples 
taken i n  1981 were magnified 20x us ing a d i ssec t i ng  scope and aged according t o  
methods out1 ined by Kim and Roberson (1968). 

Scale Pat t e r n  Measurements 

Eleven measurements on each of f i v e  zones were made on each scale taken i n  1980 
from f i s h  aged 1.2 and 1.3 and i n  1981 from f i s h  aged 1.2 (F igure  2, Table 1 ) .  
Scale impressions were p ro jec ted  a t  lOOx us ing  equipment s i m i l a r  t o  t h a t  des- 
c r i b e d  by B i l t o n  (1970) and modif ied by Ryan and C h r i s t i e  (1976). 

Measurements were taken along the a n t e r i o r - p o s t e r i o r  a x i s  o f  the scale. Wi th in  
each zone, c i r c u l i  were counted, and the  d is tance between adjacent  c i r c u l i  mea- 
sured. Counts and measurements were taken from t h e  p ro jec ted  image using a Talos 
D i g i t i z i n g  Tab le t  connected t o  a Vector Graphics microcomputer. 

Model Design 

To t e s t  the  power of d i sc r im inan t  ana lys i s  t o  d i s t i n g u i s h  f i s h  from d i f f e r e n t  
runs, two-way and three-way models were constructed. Functions f o r  two-way 
models were der ived from standards of equal s i z e  t h a t  a re  comprised o f  se lected 
scales f rom the  Copper R iver  group and f rom the  combined data f o r  the  De l ta  and 
Ber ing R iver  groups (Del ta-Ber ing R iver ) .  For three-way model s, standards o f  
equal s i z e  were se lec ted  f o r  the  Copper River ,  Del ta,  and Ber ing R iver .  Inade- 
quate numbers of measurable scales from f i s h  aged 1.2 precluded a three-way model 
f o r  1980 data and any model f o r  f i s h  aged 1.2 i n  1981. 

When standards represent  more than one run, the scales were selected according 
t o  est imates of run s t reng th  by age from escapement enumeration est imates 
( a e r i a l  surveys, sonar p r o j e c t s ,  o r  we i rs ) ,  and f rom est imates of escapement 
age composit ion (Tables 2 and 3). For example, when the  Del ta-Ber ing R iver  
standard was constructed from the  1980 two-way age 1.2 ana lys is ,  26, 14, 28, 
20, and 7 scale samples were randomly se lec ted  f rom Eyak, McKinley, b lar t in ,  
Tokun, and Ber ing Lakes scale samples respec t i ve l y ,  t o  develop a 95 scale weighted 



Figure 2 .  Scale from sockeye salmon aged 1.3 showing zones measured to  generate 
the 55 variables used to build linear- discriminate functions. 



Table 1. Scale pa t t e rn  var iables used t o  b u i l d  l i n e a r  d iscr iminant  funct ions.  
Zones a re  measured along the an te r io r -pos te r io r  a x i s  of the scale. 
Within each zone a t o t a l  number o f  c i r c u l i  a re  counted and the d is -  
tances between p a i r s  of adjacent c i r c u l i  are measured. Distance 
measurements are recorded i n  hundredths o f  an inch. Transformations 
on the data measured i n  each zone generate the fo l l ow ing  var iables.  

*Two (n) - - 

Four (n) - - 

Lmax (n) - - 

Lmi n (n) - - 

Distance from the beginning o f  the zone t o  the second 
c i r cu l us  i n  the zone. 

Distance from the beginning o f  the zone t o  the four th  
c i r cu l us  i n  the zone. 

Distance from the beginning o f  the zone t o  the s i x t h  
c i r cu l us  i n  the zone. 

Distance from the beginning o f  the zone t o  the e ighth  
c i r cu l us  i n  the zone. 

Maximum distance between any two adjacent c i r c u l i  i n  the 
zone. 

Minimum distance between any two adjacent c i r c u l i  i n  the 
zone. 

C i r c u l i  count f o r  the beginning o f  the zone t o  the l oca t i on  
o f  Max(n). 

C i r c u l i  count from the beginning o f  the zone t o  the l oca t i on  
o f  Min (n) . 
Total  c i r c u l  i count across the zone. 

Total  distance across the zone. 

Number of c i r c u l i  included i n  the f i r s t  h a l f  o f  the zone. 

* n = The number o f  the zone 



Table 2.  Escapement estimates for  sampling s i t e s  and weighted standards for  
Copper River, Delta-Bering River, Delta and Bering River groups 
classif ied by two- and three-way models for  sockeye salmon aged 
1 . 2  and 1.3,  1980. 

Wo-Way Model for Fish Aged 1.2 

Group Sampl ing Aerial  Survey Percent Fish Nunber of Percent of Group Weighted S m p l e  
S i t e  Index Aged 1.2 i n  Fish Aged 1.2 Total  Return of Contributed t o  

Sample Returning F i sh  Aged 1.2 t h e  Group ---------------- .................................................. 
Copper Hiver chi ti^ 276,538 47 .O 129,972 100.0 95 

~ p ?  i 276,538 47 0 129,972 100.0 95 

k l t a - B e r i n g  Eyak Lake 25,600 68.9 17,638 27.7 26 
River McKinley Lake 30,700 31.2 9,578 15 .O 14 

Martin Lake 21,150 88.3 18,675 29.4 28 
Tokun Lake 17,000 79.3 13,481 21 -1 20 
Bering Lake 23,300 18.7 4,357 6.8 7 ----------- ...................................................... 

Total  117,750 51 -7 63,729 100 .O 95 
...................................................................................................................... 

Wo-Way Mock1 for  F i sh  Aged 1.3 

Group Sampling Aerial  Survey Percent Fish Number of Percent of Group Weighted Sample 
S i t e  Index Aged 1.3 i n  Fish Aged 1.3 Total  Return of Contributed t o  

Sample Returning F i sh  Aged 1.3 t h e  Group .............................................................................. 
Copper River Chi t ina 276,538* 44.0 121,677 100.0 113 
___----II___-_-_-______---------------------------------------- 

Tota 1 276,538 44 -0 121,677 100.0 113 
.................................................................................................................... 
Del ta-Bering Eyak Lake 25,600 27.5 5,760 12.5 14 

River McKinley Lake 30,700 64.4 19,771 43 .O 49 
Martin Lake 21,150 7 .O 1,481 3.2 4 
Tokun Lake 17,000 12.9 2,193 4.8 5 
Bering Lake 23,300 72.1 16,799 36 -5 41 ------------------- ...................................................... 

Tota 1 117,7M 40.7 46,004 100.0 113 

Three-Way Model for  Fish Aged 1.3 

............................................................................. 
Group Sampling Aerial  Survey Percent Fish Nunber of Percent of G r c ~ p  Weighted S m p l e  

S i t x  Index Aged 1.3 i n  Fish Aged 1.3 Tota l  Return of Contributed t o  
Sample Returning F i sh  Aged 1.3 the  Group ------------------- ...................................................... 

Copper River Chi t ina 276,538 100.0 129,972 100.0 102 

Total  276,538 100.0 129,972 100 .O 102 

Delta Eyak Lake 25,600 22.5 5,760 19:7 20 
McKinley Lake 30,700 64.4 19,771 67.7 69' 
Martin Lake 21,150 7 .O 1,481 5.1 5 
Tokun Lake 17,000 12.9 2,193 7.5 8 ........................................................................... 

Total  94,450 30.9 29,205 100.0 102 ................................................................................................................ .............................................................................................................. 
Bering River Bering Lake 23,300 72.1 16,799 100.0 ------------ 102 --- .................................... 
Total  



Table 3. Escapement estimates for  sampling s i t e s  and weighted standards for  
Copper River, Delta-Bering River, Delta and Bering River groups 
classif ied by two- and three-way models for  sockeye salmon aged 
7.2 and 1.3, 1981. 

lbo-Way Model for  Fish Aged 1.3 

Group Sampling Aer ia l survey  PercentFish  Nunber of Percent of Group Weighted Sample 
S i t e  Index Aged 1.3 i n  Fish Aged 1.3 Total Return of Contributed t o  

Sample Returning Fish Aged 1.3 the Group 

Copper River C h i t i ~  534,263 72.3 386,272 98.9 
Long Lake 12,687 33.3 4,187 1.1 

Total 546,950 71.4 390,459 100.0 116 

Delta-Bering Eyak Lake 17,150 66.5 11,405 15.0 17 
River McKinley Lake 19,300 31.9 6,157 8.1 9 

Martin Lake 31,550 20.3 6,405 8.4 9 
Tokun Lake 8,500 41.6 3,536 4.6 6 
Clear Creek 11,000 59.9 6,589 8.6 10 
Bering Lake 53,300 72.4- 38,589 50.7 59 
Kushtaka Lake 8,000 43.5 3,480 4.6 6 

- 

Total  140,300 54.3 76,161 100.0 116 
-------------------E========---=-I-=-----------------------------------------------==-----------------------=----------~== - 

Three-Way Model for Fish Aged 1.3 

Group Sampling Aerial  Survey Percent Fish Nunber of Percent of Group Weighted Sample 
S i t e  Index Aged 1.3 i n  Fish Aged 1.3 Total Return of Contributed t o  

Sample Returning Fish Aged 1.3 the  Group ----- ................................................ 
C o ~ r  River Chitina 534,263 72.3 386,272 98.9 115 

Long Lake 12,687 33.3 4,187 1.1 1 
---------------p--v--p----------------------------------- 

Tota 1 546,950 71.4 390,459 100.0 116 ................................................................................................................. ................................................................................................................ 
Delta Eyak Lake 17,150 66.5 11,405 33.5 36 

McKinley Lake 19,300 31.9 6,157 18.1 20 
h r t i n  Lake 31,550 20.3 6,405 18.8 21 
Tokun Lake 8,500 41.6 3,536 10.4 11 
Clear Creek 11,000 59.9 6,589 19.3 21 --------- .................................. 

Total  79,000 43.2 34,092 100.0 109 ................................................................................................................. ..................................................................................................... 
Bering River Bering Lake 53,300 72.4 38,589 91.7 100 

Kushtaka Lake 8,000 43.5 3,480 8.3 9 

Total 61,300 68.6 42,069 100.0 109 
................................................................................................................. 



weighted s tandard (Table 2). S i m i l a r l y  i n  1981, sca le  samples were randomly 
chosen from f i v e  separate runs  t o  develop a  109 sca le  weighted s tandard f o r  
t he  three-way age 1.3 c l a s s i f i c a t i o n  model (Table 3 ) .  

Stock i d e n t i f i c a t i o n  models were cons t ruc ted  us ing  stepwise l i n e a r  d i s c r i m i n a n t  
f u n c t i o n  a n a l y s i s  (Dixon and Brown 1979) on combinat ions of c i r c u l i  counts  and 
i n t e r - c i r c u l i  d i s tances .  Only those v a r i a b l e s  norma l l y  d i s t r i b u t e d  among sca les 
were used t o  b u i l d  d i s c r i m i n a n t  f u n c t i o n s .  

A j a c k k n i f e  procedure2 was used t o  determine how a c c u r a t e l y  t h e  d i s c r i m i n a n t  
func t ions  ass ign  sampled f i s h  t o  t he  Copper R i ve r  versus t he  Del t a -Be r i ng  R i v e r  
combined sample i n  two-way a n a l y s i s  and how a c c u r a t e l y  i t  ass igned f i s h  t o  t h e  
Copper River ,  De l t a ,  and Ber ing  R i v e r  i n  three-way ana l ys i s .  The F  l e v e l  f o r  t h e  
stepwise procedure was s e t  a t  4.0. 

Appendix Tables 2 through 6  l i s t  t h e  means and s tandard d e v i a t i o n s  f o r  a17 v a r i -  
ab les  inc luded  i n  each s e t  of standards used i n  t h e  1980 and 1981 analyses. 

RESULTS 

Scale p a t t e r n  a n a l y s i s  based on l i n e a r  d i s c r i m i n a n t  f u n c t i o n s  was used f o r  p o s s i b l e  
i d e n t i f i c a t i o n  o f  t h e  d i f f e r e n t  salmon s tocks.  

S e l e c t i o n  of Va r i ab les  

Frequency histograms o f  measurements show t h a t  v a r i a b l e s  SIX1 , EIGHT1, FOUR2, SIX2, 
EIGHT2, FOUR3, SIX3, EIGHT3, SIX5, and EIGHT5 a r e  n o t  norma l l y  d i s t r i b u t e d  f o r  b o t h  
years  and t h a t  i n  1981 t h r e e  a d d i t i o n a l  v a r i a b l e s  (FOUR1 , LWX1, hnd FOUR5) a r e  
a l s o  n o t  norma l l y  d i s t r i b u t e d .  

The d i s tance  ac ross  t he  f i r s t  f reshwater summer sca le  growth zone ( ID1) i s  a  s t r o n g  
d i s c r i m i n a n t  v a r i a b l e  i n  1981 f o r  t he  1976 brood yea r  b u t  n o t  i n  1980 f o r  t h e  1975 
brood y e a r  (Tables 4  and 5 ) .  The v a r i a b l e  ID1 (F=116.53, Table 4 )  p rov ides  t h e  
most power of t h e  t h r e e  v a r i a b l e s  se lec ted  i n  t he  two-way model f o r  f i s h  aged 1.2 
i n  1980 ( t h e  1976 brood year ) .  The mean va lue  f o r  ID1 i s  cons iderab ly  h i ghe r  f o r  
t h e  Copper R i v e r  f i s h  i n d i c a t i n g  more growth d u r i n g  t h e i r  f i r s t  summer than f i s h  
from t h e  De l ta -Ber ing  R i ve r  group. The F  va lues f o r  v a r i a b l e s  se lec ted  i n  t he  
model s  f o r  f i s h  aged 1  .3 i n  1980 ( t h e  1975 brood y e a r )  a r e  much 1  ower (Tab1 e  4 ) .  
Of t h e  t h r e e  v a r i a b l e s  se lec ted  i n  the  two-way model f o r  age group 1.3 the  number 
of c i r c u l  i i n  t h e  f i r s t  h a l f  o f  t h e  f i r s t  summer growth zone (NCHl)(F=23.54) i s  
most impor tant ,  and of t h e  seven se lec ted  i n  t h e  three-way modeT, t h e  number o f  
c i r c u l i  i n  t h e  f reshwater  w i n t e r  growth zone NC2 (F=26.45) and NCHl (F=16.96) a re  
most impor tan t .  

2 A j a c k k n i f e  procedure works as f o l l o w s :  (1)  f o r  standards w i t h  n f i s h ,  one 
f i s h  i s  se lec ted  and a  d i s c r i m i n a n t  f u n c t i o n  i s  b u i l t  on i n f o r m a t i o n  f r om t h e  
remain ing n-1 scales,  (2)  t h e  se lec ted  sca le  i s  assigned t o  a  group w i t h  t h e  
d i s c r i m i n a n t  f unc t i on ,  and (3)  t he  procedure i s  repeated n t imes w i t h  a  d i f f e r -  
e n t  sca le  se lec ted  each t ime  t o  f i n d  t he  percentage f i s h  c o r r e c t l y  ass igned an 
o r i g i n .  



Table 4. Means and standard deviations of a l l  variables chosen by the l inear  discriminant analysis  stepwise 
selection procedure, 1980. 

Ttro-way model - Age group 1.2 

Variable Copper River Delta-~ering 
F Value Mean SD Mean SD 

I D 1  116.54 135.14 29.08 97.79 17.07 
ID5 5.96 73.91 14.88 71.65 11.39 
NC1 7.23 9.92 2.46 6 -83 --- 1.33 - ------- - 
!ho-way model - Age group 1.3 

Variable Copper River 
t Delta 
w F Value Mean SD Mean 
I 

SD 
NOH1 23.54 2.90 1.34 2.16 - 0.92 
LMIN4 11.93 8 -29 6.97 10.21 7.26 
LMAX5 11.47 2.72 1.78 3.47 2.13 

Three-way model - Age group 1.3 

Variable 
F Value 

NC2 26.45 
NCHl 16.96 
'IW01 5.67 
IW03 4.91 
NC4 4.39 
FQURl 4.19 
m01 3.74 

Copper 
Mean 

3.41 
2.89 

40 -96 
16.75 
19.54 
66.91 
40.96 

River 
SD 
0.97 
1.33 
7 094 
8.04 
3.49 

11 -59 
7.94 

Delta 
Mean 

3.33 
2.24 

45.10 
19.38 
20 .OP 
70.86 
45 . lo  

Bering River 
Mean SD 

4.29 1.13 
2.07 0.76 

43.41 5.99 
19.55 4,65 
21.31 2.49 
70.13 7.37 
43.41 5.99 



Table 5. Means and s tandard d e v i a t i o n s  o f  a l l  v a r i a b l e s  chosen by t he  l i n e a r  d i s c r i m i n a n t  a n a l y s i s  stepwise 
s e l e c t i o n  procedure, 1  981 . 

Wo-way m o d e l  - Age group 1.3 

Variable 
F Value 

I D 1  1% .18 
M I N l  20 -50 
ID4 9.02 
MAX1 6 -17 
MIN2 4.85 
NC5 4.72 

C o p r  River 
Mean SD 

124.92 25.05 
8 -72 1.85 

302.95 54.00 
29 -78 4 -85 
6 -99 2.10 
6.47 1.37 

Delta-Bering 
Mean SD 
85.34 17 -42 

7 -41 1.59 
347.53 42.51 

28 -37 5.23 
5.93 1.28 
6.22 1.06 

I 
--I Three-way model - Age group 1.3 
0 
I 

Variable Copper River 
F Value Mean SD 

I D 1  145 -25 125.28 24.29 
NC1 20.44 8.74 1.35 
ID2 13 -28 36.19 9.79 
ID4 11.21 304.8 2 50.69 
MAX1 6.99 29.64 4.73 
NC5 5.17 6.53 1.29 
ID3 6.85 38 -12 34.13 
NC4 4.69 18.39 2.98 
lWO2 4.02 18 -17 4.14 
llJlAX3 4 . lo  2.38 1.29 

Delta 
Mean 
88.79 

6.26 
28.15 

346.08 
29.89 
6.37 

52.69 
20.49 
14.95 
2.88 

Bering River 
Mean SD 
83 -16 16 -53 

6 -52 1.44 
33.33 6.93 

350 -31 44.17 
27.55 5.24 
5.98 1.27 

44.61 19.03 
21.17 2.73 
15  -15 2.89 
3.19 1.65 



In the 1981 models fo r  f i s h  aged 1 .3  ( the  1976 brood year ) ,  ID1 i s  again the 
s ingle  most important variable of the s ix  selected in the two-way model and the  
ten selected in the three-way model (Table 5).  The F values f o r  ID1 are  high 
in both models (195.18 and 145.25, respectively) and mean values f o r  IE1 again 
indicate more growth during t he i r  f i r s t  summer fo r  Copper River f i sh  than fo r  
f i s h  from the other two groups. 

Class i f icat ion Accuracy 

For data taken i n  1980, f i s h  aged 1.2 (1976 brood yea r ) ,  c lass i fy  in the two-way 
model with much greater  accuracy than f i s h  aged 1.3 or 1975 brood year (Table 6 ) .  
The Copper River vs Delta-Bering River two-way model c l a s s i f i e s  f i s h  from the 
1976 brood year w i t h  an overall accuracy of 81.4%; f i s h  from the 1975 brood year 
with an overall accuracy of 65.9%. Delta-Bering River f i s h  c l a s s i fy  m r e  accur- 
a t e ly  (87.4%) than Copper River f i sh  (75.8%) from the 1976 brood year;  the two 
groups c lass i fy  w i t h  almost equal accuracy fo r  the 1975 brood year (64.6 and 67.3%). 
The Copper River vs Delta vs Bering River three-way model f o r  f i s h  from the 1975 
brood year achieves an overall accuracy of 53.3%. Class i f icat ion accuuracies are  
highest f o r  the Bering River and Copper River groups, respectively,  and f i s h  from 
these two groups most frequently misclassify a s  Delta f i s h .  

For data taken in 1981 , f i s h  aged 1.3 (1976 brood year ) ,  c l a s s i fy  correct ly  87.1% 
overall i n  a two-way Copper River vs Delta-Bering model, and 75.5% overall in a 
three-way Capper River vs Delta vs Bering River model (Table 7 ) .  Delta-Bering 
f i s h  c l a s s i fy  correct ly  (91.4%) more often than Copper River f i s h  (82.8%) in the 
two-way model b u t ,  i n  the three-way model Copper River f i s h  c l a s s i fy  cor rec t ly  
most often (80.7%), The three-way model misclass i f ies  Copper River f i s h  equally 
to  the Delta and Bering River groups, Delta f i s h  most frequently t o  the Bering 
River group, and Bering River f i s h  most frequently t o  the  Delta group. 

DISCUSSION 

For some brood years ,  catches of sockeye salmon made in the Copper-Bering River 
f ishery can be al located t o  t he i r  des t inat ions  w i t h  l inear  discriminant analysis  
of scale pat terns .  Model s based on escapement samples from the 1976 brood year 
can be used with confidence t o  ident i fy  f i s h  aged 1.2 sampled in the 1980 commer- 
c ia l  catch and f i s h  aged 1.3 sampled in the 1981 commercial catch. However, 
c lass i f i ca t ion  accuracy fo r  model s based on f i s h  returning from the 1975 brood 
year a r e  low and cannot be used w i t h  much confidence to  a l loca te  f i s h  aged 1 .3  
from the 1980 comercia l  catch. 

The accuracy w i t h  which models c l a s s i fy  f i sh  from Copper River, De3 t a ,  and Bering 
River i s  d i r ec t l y  re la ted t o  differences i n  the growth of f r y  in the rearing 
areas f o r  the  three groups. The variable ID1 i s  a measure of scale  growth f o r  
a f i s h  during i t s  f i r s t  freshwater surnmer. For the 1976 brood year,  IDS i s  the 
most discriminating var iable ,  and values of ID1 a r e  much higher f o r  f i s h  from the  
Copper River. B u t  f o r  the I975 brood year,  ID1 had l i t t l e  i f  any discriminating 
power, and values of ID1 a re  about the same f o r  f i s h  from a l l  areas .  Diminished 
differences r e s u l t  from decreased growth in the  Copper River and greater  f i r s t  
summer's growth in the  Delta and Bering River. Relative differences in f i r s t  
summer's growth i n  Delta vs Bering River f i s h  are  about the same fo r  f i s h  from 
both brood years. 



Table 6. C l a s s i f i c a t i o n  accurac ies  f o r  1  i n e a r  d i s c r i m i n a n t  f unc t i ons ,  1980. 

Tho-way model - Age group 1.2 

Group Percent Number of cases classified into groups 
correct 

Copper River Delta-Bering 
Coplpr River 75.8 72 23 
Delta-Bering 87.4 12 83 

Overall accurracy = 81.6 

Wo-way model - Age group 1.3 

Group Percent Number of cases classified into groups 
correct 

Copper .River Delta-Bering 
Copper River 64.6 7 3 40 
Delta-Bering 67.3 37 7 6 

Overall accurracy = 65.9 

Three-way model - Age group 1.3 

Group Percent Nmber of cases classified into groups 
correct 

Copper River Delta Bering River 
Copper River 52 .O 53 33 16 
Delta 40 .2 27 41 34 
Bering River 67.6 12 2l 69 

Overall accurracy = 53.3 -- -- ------- 



Table 7. Classification accuracies for linear discriminant functions, 1981. 

- - 
Wo-way model - Age group 1.3 

Group Percent Nmkr of cases classified into groups 
correct 

Copper River ~ e l t a - ~ e r i n g  
Copper River 82.8 96 20 
Del ta-Ber ing 91.4 10 106 

Overall accurracy = 87.1 ---- -- 
Three-way model - Age group 1.3 

Group Percent Nmber of cases classified into groups 
correct 

Copper River Delta Bering River 
Copper River 80.7 88 12 9 
Delta 70.6 9 77 23 
Bering River 75.2 4 23 82 

Overall accurracy = 75.5 ----- - - - 



Weather d i r e c t l y  a f f e c t s  l imno log i ca l  cond i t ions  and may have a st rong in f luence 
on f r y  growth i n  the  f i r s t  sumer .  Summers w i t h  in f requent  c loud cover, low 
p r e c i p i t a t i o n ,  and small departures from the  norm are t y p i c a l  o f  i n t e r i o r  Alaska 
where f i s h  from the Copper R iver  rea r .  Summers w i t h  f requent  c loud cover, h igh  
p r e c i p i t a t i o n ,  and of ten l a r g e  departures from the  norm are t y p i c a l  f o r  Del ta 
and Ber ing River .  Dif ferences such as these may exp la in  i n  p a r t  the greater  
growth i n  Copper R iver  f i s h  i n  the f i r s t  sumner and suggest g rea ter  f l u c t u a t i o n s  
i n  f i r s t  summer's growth might  be expected f o r  Delta-Bering R iver  f i s h ,  b u t  2 
years do n o t  make a trend. A t ime se r ies  of scale growth and weather data f o r  
fu tu re  i n v e s t i g a t i o n  i s  needed t o  t e s t  the r e l a t i o n s h i p  between weather and f i r s t -  
year  growth. 

When d i sc r im inan t  models a re  accurate, they can be used t o  make post-season a l l o c a -  
t i o n s  o f  catch and est imates o f  re tu rns .  F i r s t ,  catches o f  s i n g l e  age group a r e  
a l l o c a t e d  w i t h  l i n e a r  d i sc r im inan t  moaels, and secondly, catches of o ther  age 
groups a r e  a l l o c a t e d  w i t h  est imated age composit ions o f  ca tch  and escapement 
(Cross e t  a1 . 1973). A catch a l l o c a t i o n  of a1 1 age groups, escapement counts, 
a e r i a l  surveys, and est imates of t h e  age composit ion o f  escapements can be fused 
t o  est imate t o t a l  r e t u r n  t o  the Copper River ,  the Delta, and the Ber ing River .  
As long as the  f i shery  manager i s  con f i den t  o f  the models fo r  the  brood years 
i n  the f i s h e r y ,  a post-season a l l o c a t i o n  can be made. Such a l l o c a t i o n s  can be 
made f o r  the ca tch  i n  1980 and 1981 because the  models f o r  the  1976 brood year  
a re  accurate . 
Because accurate models f o r  f i s h  o f  the  same brood year  have the same f reshwater  
va r i ab les  and s i m i l a r  accuracy, in-season a l l o c a t i o n  o f  catches f o r  t h a t  brood 
year  a re  possib le.  In-season a l l o c a t i o n  i s  o f t e n  n o t  f e a s i b l e  because the  f i s h  
sampled f o r  escapement standards used t o  b u i l d  models do n o t  a r r i v e  on t h e  
spawning grounds u n t i l  w e l l  pas t  the peak of the  f i she ry  and becallse h i s t o r i c a l  
models based on younger f i s h  from the same brood year  w i l l  have d i f f e r e n t  v a r i -  
ables and accuracies. I n  the Copper River  f i shery ,  models f o r  f i s h  aged 1.2 can 
be used a year  l a t e r  t o  a l l o c a t e  catches w i t h i n  the  f i s h i n g  season f o r  f i s h  aged 
1.3 when these models a re  h i g h l y  accurate. Also, i f  the  prev ious y e a r ' s  models 
f o r  f i s h  aged 1.2 a r e  accurate, t he  manager can change h i s  o r  her ca tch  sampling 
procedures t o  procure scale samples appropr ia te  f o r  the  in-season a l l o c a t i o n  of 
catches. In-season a l l o c a t i o n  o f  catches cou ld  have been made i n  1981, b u t  n o t  
i n  1980, because t h e  1976 brood year  has accurate models and the 1975 brood year  
does not .  

RECOMMENDATIONS 

S t a r t  a  program t o  a l l o c a t e  catches i n  the  Copper-Bering River  f i s h e r y  w i t h  scale 
p a t t e r n  ana lys is .  B u i l d  l i n e a r  d i sc r im ina te  func t i ons  on measurements f rom 
scales taken on the spawning grounds, then apply them t o  scales sampled from 
the  f i s h e r y .  B u i l d  models f o r  f i s h  aged 1.2 and f o r  f i s h  aged 1.3 i n  a l l  years. 
For a post-season a l l o c a t i o n ,  use models b u i l t  i n  the  same year  the  catches a re  
made. For an in-season a1 1 ocat ion,  use models b u i l t  i n  the prev ious year  f o r  a 
younger age group i n  the  same brood year .  For those age groups w i t h  poor o r  no 
models, a l l o c a t e  catches based on t h e  age composit ion o f  the  escapements and 
a l l o c a t i o n s  w i t h  s t rong models o f  o the r  age groups. 



Sample a t  l e a s t  300 f i s h  each f i s h i n g  pe r iod  t o  begin the program. Af te r  a  few 
years, determine the  r a p i d i t y  w i t h  which the  run composit ion of the  catch changes 
and a1 t e r  the satnpi i n g  frequency accordingly .  If an a1 l o c a t i o n  of ca tch  w i t h i n  a  
p a r t  of a  f i s h i n g  d i s t r i c t  i s  desired, sample a t  l e a s t  300 f i s h  f o r  each pe r iod  
from each p a r t  ( s u b d i s t r i c t ,  entrance, e t c . ) .  

To improve the  accuracy and p r e c i s i o n  o f  the  l i n e a r  d i sc r im inan t  func t ions ,  I 
recommend the  f o l l o w i n g :  

1  ) When samgl i ng carcasses, remove some o t o l  i ths .  Degeneration of 
scales makes d i s t i n g u i s h i n g  f i s h  o f  d i f f e r i n g  ocean ages very 
imprecise. A length-frequency m d e l  checked aga ins t  o t o l  i t h  ages 
can prov ide  an accurate, r a p i d  means o f  determin ing ocean age. 
I d e a l l y ,  c o l l e c t  300 o t o l i t h s  f rom each spawning ground. 

2) When sampling l i v e  f i s h ,  take a t  l e a s t  600 (800 i s  b e t t e r )  scales 
from each spawning ground. Resorpt ion of scales makes d i s t i n g u i s h -  
i n g  f i s h  o f  d i f f e r e n t  ocean ages very imprecise. Six  hundred samples 
should ensure enough l e g i b l e  scales t o  est imate the  age composit ion 
w i t h  good accuracy and p rec i s ion .  

3) Because Mar t i n  R iver  Slough, Ragged P o i n t  Lake, L i t t l e  M a r t i n  Lake, 
Shepard Creek, and 27-Mile Slough make s i g n i f i c a n t  c o n t r i b u t i o n s  t o  
the  Del ta-Ber ing R iver  run, sample f i s h  from these areas i n  the 
f u t u r e .  

4) S t r a t i f y  the  samples f rom the  subsistence f i s h e r y  a t  Ch i t i na  i n t o  
ea r l y ,  middle, and l a t e  t o  b e t t e r  represent  the r u n  t o  the  upper 
Copper River .  Because the migra tory  t i m i n g  o f  groups of stocks 
through the  f i s h e r y  va r ies  l i t t l e  from year  t o  year  ( M e r r i t t  and 
Roberson 1983), s t r a t i f i e d  sampling w i l l  cover each major group of 
stocks i n  the  escapement t o  the  Copper River.  Also, i nves t i ga te  the 
p o s s i b i l i t y  t h a t  s t r a t i f y i n g  samples from o ther  runs w i l l  increase 
the accuracy o f  scale p a t t e r n  ana lys is .  

6) B u i l d  a  t ime-ser ies data base o f  weather and scale pa t te rns  f o r  
Copper R iver  and Del ta-Ber ing R iver  areas. 
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Appendix Table 1. Number of sockeye salmon sampled1 by age group a t  each 
s i t e ,  1980 and 1981. 

Sampling Site Sample Sizes 
Age 1.2 Age 1.3 Other Total 

-- 

1980 Samples 

Chitina 238 503 U3 874 
Eyak Lake 208 68 26 30 2 
McKinley Lake 9 2 190 13 295 
Martin Lake 264 21 14 299 
Tokun Lake 233 38 23 294 
Bering Lake 5 1 1% 25 27 2 

1981 Samples 

Chitina 
Long Lake 
Eyak Lake * 
McKinley Lake 
Martin Lake 
Tokun Lake 
Clear Creek 
Bering Lake 
Kushtaka Lake 

I Samples taken a t  Hatchery Creek. 



Appendix Table 2. Means and standard deviations of scale pattern variables 
computed for sockeye salmon aqed 1.2 and used in the 
Copper River vs Del ta-Bering River model , 1980. 

Variable Copper River Delta-Bering River 

Mean Standard Mean Standard 
Deviation Deviation 

m01 
mum 
M 
MINl 
umxl 
M N l  
NC1 
ID1 
m1 
m02 
fax2 
MIN2 
Lmx2 
KMIN2 
Nf22 
ID2 
m 2  
TWO3 
Mu3 
MIN3 
umx3 
KMIN3 
NC3 
ID3 
NCH3 
TW04 
MIUR4 
SIX4 
EIGEFT4 
MAX4 
MIN4 
LMAX4 
M N 4  
NC4 
ID4 
NCH4 
TWOS 
FOUR5 
EIW(S 
MIN5 
Lmx5 
LMIN5 
NC5 
ID5 
m 5  



Appendix Table 3. Means and standard dev ia t ions  o f  scale  p a t t e r n  v a r i a b l e s  
computed f o r  sockeye salmon aged 1 .3  and used i n  the Copper 
R i v e r  vs Del ta-Ber ing R i v e r  model, 1980. 

Variable Coppen: River klta-Bering River 

Mean Standard Mean Standard 
Deviatim Deviatim 



Appendix Table 4. Means and standard deviations of scale pattern variables 
computed for  sockeye salmon aged 1.3 and used in the Copper 
River vs Delta vs Bering River model, 1981. 

Variable Copper River Delta b r i n g  River 

Mean Standard Mean Standard Mean Standard 
Deviation Deviation Deviation 

Two1 
muRL 
MAX1 
M I N l  
m 
LMINl 
NC1 
I D 1  
NCHl 
m02 
MAX2 
MIN2 
m 2  
m N 2  
NC2 
ID2 
Nu32 
TWO3 
MAX3 
MIN3 
m 3  
m N 3  
NC3 
ID3 
m 3  
Two4 
FOUR4 
SIX4 
EIGHT4 
MAX4 
MIN4 
LMAX4 
LMIN4 
NC4 
ID4 
NCH4 
Two5 
mu% 
w 5  
MIN5 
LMAXS 
WIN5 
NC5 
ID5 
m 5  



Appendix Table 5. Means and standard deviations of scale pattern variables 
computed for  sockeye salmon aged 1.3 and used in the Copper 
River vs Del ta-Bering River model , 1981 . 

Variable Copper River Delta-Ber ing River 

Mean Standard Mean Standard 
Deviatim Deviation 



Appendix Table 6 .  Means and standard deviations of scale pattern variables 
computed fo r  sockeye salmon aged 1.3 and used in the Copper 
River vs Delta vs Bering River model, 1981. 

Variable Copper River Delta Bering River 

Mean Standard Mean Standard Mean Standard 
Deviation Deviation Deviation 



 

 

The Alaska Department of Fish and Game administers all programs and activities free from discrimination 
based on race, color, national origin, age, sex, religion, marital status, pregnancy, parenthood, or disability. 
The department administers all programs and activities in compliance with Title VI of the Civil Rights Act 
of 1964, Section 504 of the Rehabilitation Act of 1973, Title II of the Americans with Disabilities Act of 
1990, the Age Discrimination Act of 1975, and Title IX of the Education Amendments of 1972. 
  
If you believe you have been discriminated against in any program, activity, or facility, or if you desire 
further information please write to ADF&G, P.O. Box 25526, Juneau, AK 99802-5526; U.S. Fish and 
Wildlife Service, 4040 N. Fairfax Drive, Suite 300 Webb, Arlington, VA 22203 or O.E.O., U.S. 
Department of the Interior, Washington DC 20240. 
 
For information on alternative formats for this and other department publications, please contact the 
department ADA Coordinator at (voice) 907-465-6077, (TDD) 907-465-3646, or (FAX) 907-465-6078. 
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